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Research shows that every 1% decrease in the HbA1c level in a diabetes patient can remarkably lower the risk of complications. [8] [9] [10] With each 1 unit reduction in HbA1c subsequent to SMBG, the risk of cardiovascular, pedal, ocular, and renal complications reduces by 14%, 43%, 19%, and 37%, respectively. However, HbA1c does not depict short-term glycemic variability and is of little value in short-term decision-making. [11] [12] [13] Mean amplitude of glycemic excursion (MAGE) is also an important marker in assessing the damaging effect of fluctuating hyperglycemia in diabetes patients. [14] The one-time cost of the equipment for SMBG and the recurrent cost of disposables are considered a barrier for compliance. However, several studies have revealed that SMBG can significantly lower the overall financial implications on the patient. [15, 16] The International Diabetes Federation (IDF) and American Diabetes Association (ADA) recommend SMBG as an integral component of effective diabetes management. Despite substantial evidence of the benefits of SMBG, compliance to self-monitoring is reported "low" globally, [17] and especially in India, where patients usually seek treatment after complications have set in. This may be attributed to various factors such as lack of awareness, literacy levels, and the perception that SMBG is painful and costly. [18] There is a general lack of information on the economic analysis of the cost benefit of regular SMBG versus no SMBG over an extended period of time in the Indian context. This study aims to understand the role of SMBG for better management of glycemic fluctuations, reducing the risk of complications, and the associated cost benefits for diabetes patients in India. The study, therefore, highlights the need for a more structured intervention at an early stage of the disease through improved awareness of the benefits of good glycemic control with SMBG. [4, 10, 19] 
MateRIals and Methods
An Excel-based economic model with a 10-year time horizon was developed to estimate the impact of once daily SMBG testing on the risk of diabetes-related complications and the cost of managing such complications. The model is based on three key associations: 1. Regular SMBG testing results in a reduction in HbA1c levels 2. Lower HbA1c levels maintained over the long term are associated with lower risks of diabetes-related complications 3. A lower risk of complications results in a lower financial risk to patients.
The model compared the outcomes of two cohorts: type 2 diabetes patients not conducting SMBG and patients conducting SMBG at least once daily.
Risk of complications
Literature searching was conducted to identify relevant inputs for the model. According to the DiabCare India 2011 Study, [4] of 6168 Indian participants with predominantly type 2 diabetes, the mean HbA1c level was 8.9 ± 2.1%, which we used as the base HbA1c level in our model. [4] Separately, a large health-care database study from the USA reported that daily SMBG testing was associated with an average reduction in HbA1c levels of 0.7% (i.e., to 8.2%). [1] The prevalence rates of diabetes-related complications were taken from the DiabCare India 2011 Study [ Table 1 ]. [4] Risk of complications is directly related to HbA1c level in type 2 diabetes mellitus patients, i.e., the risk of complications decreases with a decrease in HbA1c level. Due to the absence of suitable studies from India on the reduction in risk of complications due to lower HbA1c levels, we used the risk reduction from a seminal study conducted on diabetes patients in the UK, which presented the risk reduction due to a 1% decrease in HbA1c levels [8] [ Table 1 ]. Given that our model assumed a 0.7% drop in HbA1c with the use of SMBG once daily, the reduction in risk of complications was calculated for such a decrease based on the 1% drop in HbA1c level from the UK study [ Table 1 ]. The risk of hypoglycemic events was taken from another large, database study from the USA; [20] although no difference was reported for patients with HbA1c levels of 8.9% and 8.2% [ Table 1 ]. The risks of complications for the two cohorts are summarized in the final two columns of Table 1 .
Costs
The cost inputs for managing complications were obtained from a study conducted in an Indian health-care institution [15] and from a survey of practicing physicians. The expected cost of monitoring diabetes and treating complications associated with diabetes is shown in Table 2 . An annual medical inflation rate of 13% (from the Insurance and Regulatory Departmental Report -Medical Inflation in India) was applied to derive costs for 2015. When projecting over a 10-year time horizon, we used the standard discounting rate of 3% (WHO guidelines on cost-effectiveness) so as to estimate the present value of projected costs. As evident from Table 2 , the cost of managing diabetes-related complications represents a significant burden of the disease.
Model outcomes
This model enables the comparison of the cost for patients who measure their blood glucose by self-monitoring once a day to those patients who do not measure their blood glucose levels regularly.
The model calculated the risk-adjusted costs over 10 years for each cohort by multiplying the risk of each complication by the cost of managing that complication. Costs for future years were discounted to obtain the present-day equivalent cost. The costs were then summed to obtain a total potential financial risk for patients over 10 years.
Results
With Table 3 ].
Implementation of a once-daily SMBG protocol, for a decade, can substantially reduce the potential complication-related costs [ Table 3 ]. More frequent SMBG and trimonthly HbA1c tests along with lifestyle changes can substantially reduce the financial burden on the patient over their lifespan.
It should be noted that diabetes patients require adequate training in SMBG to ensure optimal adherence to recommended protocols. Affordability of equipment and easy availability of test strips are vital factors for compliance.
dIscussIon
Comparative studies have already demonstrated that across cohorts of regular SMBG users versus no SMBG users among type 2 diabetes patients on insulin, HbA1c levels in regular SMBG users were lower in comparison to the SMBG nonusers. [1, 6, 7] Studies have also demonstrated that, with every 1% reduction in HbA1c, there is a considerable reduction in the risk of complications. [4, 8] When modeled for ascertaining a consequent reduction in economic burden, the cost-benefit model demonstrates that at a cost of INR 26 spent per day over 10 years, the SMBG cohort was associated with a 10-year discounted, risk-adjusted cost of INR 718,340, resulting in an estimated financial risk reduction worth INR 120,173 compared to the no SMBG cohort. This indicates that the use of SMBG is a cost-beneficial intervention that not only helps reduce the financial risk but also allows better disease management by improving the patient's risk profile and disease prognosis.
Landmark trials such as diabetes control and complications trial and UK Prospective Diabetes Study [21] have also highlighted the importance of blood glucose control in reducing the risk of complications in diabetes. SMBG provides evidence-based blood glucose targets that may be included in the routine [15] Foot complications (annual cost) 160,677 Kumpatla et al. 2013 [15] Eye complications (annual cost) 107,118 Kumpatla et al. 2013 [15] Renal complications (annual cost) 107,118 Kumpatla et al. 2013 [15] INR: Indian rupee, SMBG: Self-monitoring of blood glucose Table 1 
: Risk of Complications

Risk of complication (%)
Reduction in risk due to 1% drop in HbA1c (%)
Reduction in risk due to 0.7% drop in HbA1c (%)
Risk for no SBMG patients (%)
Risk for patients conducting 1 SMBG per day (%)
Source Cardiovascular complications 6.80 14.00 10.02 6.80 6.12 DiabCare India 2011 study for baseline risk [4] and UKPDS 35 study for risk reduction [8] Foot [20] NA: Not available, SMBG: Self-monitoring of blood glucose, HbA1c: Hemoglobin A1c, UKPDS: UK Prospective Diabetes Study management of diabetes. It also provides a stimulus to the patients for a better understanding of their disease, improving medication compliance and lifestyle changes, eventually resulting in an improved glycemic control. [22] IDF and ADA also recommend regular SMBG to ensure the success of the diabetes management plan. Patient record of SMBG values, food intake, medication, and duration of exercise would help to interpret the SMBG results. This would provide health-care professionals' invaluable information on hypoglycemic events, to recommend lifestyle changes and targeted therapy for the management of diabetes.
Despite evidence of the role of SMBG in reducing the complications of diabetes and the recommendations of IDF and ADA regarding SMBG, its uptake continues to remain low. This is probably because an average diabetes patient in India has low awareness of target HbA1c levels, role of SMBG, risk of long-term complications, and financial risk thereof, if appropriate diet, lifestyle and medications are not adhered to. The perceived high cost and lack of access to regular monitoring such as glucometer and test strips are another impediment in the overall disease management. Lack of a fail-safe method of documentation and analysis of blood glucose levels further complicates disease management among diabetes patients. Poverty, illiteracy, low disease awareness, and hectic everyday schedule encumber the diabetes patients to monitor and document their blood glucose levels on a daily basis.
Education on the importance of pre-and post-prandial blood glucose levels, HbA1c, SMBG, and MAGE in portending the impending complications could improve compliance, QOL, and patient outcomes.
Diabetes is a chronic progressive disease affecting major systems in the body, resulting in serious complications that lay a huge economic burden on the patient. This economic burden increases multifold in case it afflicts an earning member of the family due to loss of income, at times forcing the family into a catastrophic financial situation. This assumes more significance in a largely out-of-pocket market such as India, where >70% of health-care expenditure is out of pocket.
With the public health-care system mostly focused on addressing the burden of communicable diseases, there is little room for resources and infrastructure to be targeted to address the burden of noncommunicable diseases such as diabetes.
A targeted two-pronged strategy involving primary preventive measures of improved health education and lifestyle changes as well as secondary prevention through prompt diagnosis, regular monitoring, and timely intervention can arrest the impending disease burden.
Access to less expensive glucometers and test strips augmented with better awareness of benefits of regular glucose monitoring, enhanced focus on teaching self-management skills, and motivating patients to make lifestyle changes in response to blood glucose readings would help improve disease outcomes.
A key consideration is that performing SMBG alone does not lower blood glucose levels. To be useful, the information must be integrated into clinical and self-management plans. [23, 24] This analysis is associated with a number of limitations. While the prevalence of diabetes complications was based on a large national survey from India, the reduction in complications due to a decrease in HbA1c levels was based on a study of diabetes patients in the UK, of whom only 10% were of Indian ethnicity. [4, 8] Furthermore, the data on the reduction of HbA1c levels due to regular SMBG testing were derived from a US study, due to the lack of similar data from India. [1] However, Indian clinicians reported that the results from these studies were applicable to an Indian population. The costs of each complication were taken from an existing study at one Indian diabetes care center. [15] However, the costing methodology of the study relied on patient recall and the complications measured may be more severe than those experienced by all patients in our model. As such, future evaluations should adopt a more robust approach in costing the complications to improve accuracy. Overall, this model serves as an estimate of the potential financial risk associated with diabetes complications, rather than providing a definitive cost.
conclusIon
Diabetes patients need to be cognizant of the impending long-term disease complications, the poor QOL, and associated financial burden if blood glucose levels are not managed optimally. Knowledge of real-time blood glucose levels on a daily basis can serve as a stimulus for improved medication compliance and lifestyle measures. Daily SMBG and HbA1c every 3 months provide a MAGE construct and PPHG to guide treating physicians to adapt treatment regimens best suited to individual patient needs. Proactive management of diabetes with SMBG can improve treatment outcomes and reduce morbidity and mortality associated with this disease. Near-normal blood glucose levels can bring in cost savings in the form of reduced long-term complications and avoidance of repeated hospitalization for the management of such complications, along with an improved QOL.
